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Details 

1. Name of invention 

Manufacturing method of zinc sulfide thin film 

2. Range of the patent claims 

(1) It is a manufacturing method of the zinc sulfide related thin film, which shall be 
characterized by piling the zinc sulfide related thin film on the substrate by the 
high frequency sputtering method, making zinc sulfide related sintered body as 
the target, which shall contain the main ingredient as zinc sulfide and at least one 
kind of the alkaline metals or the alkaline earth metals. 

(2) It is a manufacturing method of the zinc sulfide related thin film, which is 
mentioned in Claim 1 of the range of the patent claims, which shall be 
characterized by containing at least one kind of the halide materials, which are 
Mn, Cu, Ag, Al, Tb, Dy, Er, Pr, Sm, Ho and Tm as the abovementioned zinc 
sulfide related sintered body. 

(3) It is a manufacturing method of the zinc sulfide related thin film, which is 
mentioned in Claim 1 of the range of the patent claims, which shall be 
characterized by having at least one kind of Li, Na, K, Rb and Cs as the 
abovementioned alkaline metals. 

(4) It is a manufacturing method of the zinc sulfide related thin film, which is 
mentioned in Claim 1 of the range of the patent claims, which shall be 
characterized by having the amount of density against the abovementioned 
alkaline metals to be between 0.1 and 2 atm%. 

(5) It is a manufacturing method of the zinc sulfide related thin film, which is 
mentioned in Claim 1 of the range of the patent claims, which shall be 
characterized by having at least one kind of Ca, Mg, Sr and Ba as the 
abovementioned alkaline earth metals. 

(6) It is a manufacturing method of the zinc sulfide related thin film, which is 
mentioned in Claim 1 of the range of the patent claims, which shall be 
characterized by having the density against zinc of the abovementioned alkaline 
earth related metals, which is in between 0.02 and 2 atm%. 

3. Detailed explanation of the invention 

This invention is concerning the manufacturing method of the zinc sulfide thin film, 
especially it is concerning the manufacturing method of the high quality zinc sulfide thin 
film, which does not have small particles nor pin holes within the thin film. 

Currently, the zinc sulfide thin film is created by applying the electron beam deposition 
to the zinc sulfide sintered body. The zinc sulfide sintered body, which is used in this 
case, is created by firing for one to three hours at the temperature of between 1000 °C and 
1200 °C within the inert gas or the inert gas which shall contain hydrogen sulfide after 
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molding zinc sulfide powder or zinc sulfide powder which shall contain the active 
substance such as Mn, Cu or TbF 3 , etc. at the pressure of 400 kg / cm 2 . In the case that 
the zinc sulfide thin film is created by the zinc sulfide sintered body, which the electron 
beam is irradiated to and shall be evaporated by heating, there was a problem of 
generating small particles of the particle sizes of 1 to 20 micron and pin holes within the 
thin films. Also, when applying such thin films for the purpose of the EL thin film, 
because of the small particles and pin holes, insulation destruction shall occur, and as a 
result, it is not possible to create a stable EL element. 

The cause of generating small particles and pin holes is because the zinc sulfide sintered 
body is charged when the electron beam is irradiated, and small particles are scattered by 
the electrostatic repulsion, then they would be stuck to the surface of the substrate. 

On the other hand, the zinc sulfide thin film can also be created by the high frequency 
sputtering method. Therefore, the target shall be created by firing for 1 to 3 hours at the 
temperature of between 1000 and 1200 °C within the inert gas or the inert gas which shall 
contain hydrogen sulfide after molding the zinc sulfide powder or the zinc sulfide powder 
which shall contain the active substance such as Mn, Cu or TbF 3 , etc., into the board with 
the designated measurement. In the case that the target measurement is large, because the 
abovementioned atmosphere firing would become generally difficult, firing would most 
likely be made with the powder condition, then the target would be made by smashing the 
lump, which is partly sintered. In the case that zinc sulfide thin film is made by the high 
frequency sputtering method using the target, which is created as mentioned, there are 
relatively smaller numbers of small particles and pin holes as it occurs when the electron 
beam deposition is applied, however, stoichiometry of the zinc sulfide is bad, which shall 
create more lattice defects, and especially when it is applied for the EL element, the 
luminance shall become low. After all, it means that the crystallization of this thin film is 
bad. 

This invention is made to provide the forming method based on the abovementioned 
existing technique, in order to create high quality zinc sulfide thin film without any 
defects using the sputtering method, which is excellent for mass production and excellent 
in the cost performance. 

When the thin film forming is applied by the high frequency sputtering method making 
the target as zinc sulfide sintered body, which is created by giving the heat treatment 
within the inert gas atmosphere or sulfide atmosphere to the powder, which shall have the 
main ingredient as zinc sulfide, which either alkaline metals or alkaline earth metals is 
added to, it was found out that such thin film can be created, which shall indicate high 
luminance, especially at EL emitting, and shall show almost no small particles nor pin 
holes within the thin film, and shall have high quality and even zinc sulfide thin film with 
excellent stoichiometry and crystallization. Also, compared to the existing sintered body 
and powder style target, it was found out that the sputtering rate became higher. It is 
probably because when creating the zinc sulfide sintered body using such a method, the 
density would be high and the particle size would be large, therefore, by making it as the 
target, sputtering shall occur from the surface of the sintered body at the even 
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composition and equally to the whole surface. Also, as for the adding alkaline metals, Li, 
Na, K, Rb or Cs are effective, and as to the addition amount, 0.1 atom% to 2 atom% of 
the thickness against zinc was the suitable amount. Therefore, if it is less than 0.1%, the 
effect would be very weak, and if it is more than 2%, it would react against the firing 
container when firing. 

As for the alkaline earth metals, Ca, Mg, Sr and Ba are effective, and as for the additional 
amount, 0.02 atom% to 2 atom% of the thickness against zinc was the suitable amount. 
Therefore, if it is less than 0.02 atom%, the effect would be very weak, and if it is more 
than 2 atom%, it would react against the firing container when firing. Also, in the case 
that at least one of the halide of Mn, Cu, Ag, Al, Tb, Dy, Ev, Pr, Sm, Ho or Tm is 
contained, the addition of the alkaline metal or the alkaline earth metal would also be 
effective. 

Hereinbelow, an explanation shall be made according to the implementation example. 
Various alkaline metallic compounds or various alkaline earth metallic compounds are 
added to the zinc sulfide powder (particle size 0.1 to 1.5 micron, goods on the market), 
and after mixing shall be performed by a mortar, approximately 10 weight% of water 
shall be added, and mixed together again, then granulated. This powder was molded at 
the pressure of 400 kg/cm 2 in order to create a circle board of the diameter 15cm and the 
thickness 5mm, then firing was performed to this within the inert gas atmosphere at the 
temperature of between 1000 and 1200 °C for one hour. Table 1 shall indicate the type, 
firing atmosphere, firing temperature and firing period of the alkaline metallic compound 
or the alkaline earth metallic compound used as well as the density of the zinc sulfide 
sintered body, which was obtained (rate against theoretical density). 



Table 1 (P. 195, left upper) 



Addition ' 




Firing 






Density (%) 


substance 




condition 








Type 


Thickness 
(atom%) 


Atmosphere 


Temperature 
(°C) 


Time 
(hour) 




LiCl 


2 


H 2 S 


1000 


1 


91 


LiNO 


2 


H 2 S 


1000 


1 


91 


NaCl 


2 


H 2 S 


1000 


1 


91 


KC1 


2 


H 2 S 


1100 


1 


90 


RbCl 


2 


H 2 S 


1100 


1 


90 


CsCl 


2 


H 2 S 


1100 


1 


90 


BaCl 2 


0.3 


At 


1100 


1 


98 


BaCl 2 


0.03 


H 2 S 


1100 


1 


91 


BaCl 


0.1 


H 2 S 


1200 


1 


98 


SrCl 2 


0.1 










BaCl 2 


0.1 


H 2 S 


1200 


1 


98 


CaCl 2 


0.1 










BaCl 2 


0.1 


H 2 S 


1200 


1 


98 


MgCl 2 


0.1 










Ba(OH) 2 


0.1 


H 2 S 


1100 


1 


95 



As it is seen from Table 1, the density of the sintered body, which is obtained, was more 
than 90% of the theoretical density. Using this sintered body, zinc sulfide thin film was 
created by the high frequency sputtering method. The result was that it was able to create 
the zinc sulfide thin film of higher quality and good crystallization compared to the thin 
film, which is created using the target of the zinc sulfide sintered body (generally 65% of 
the theoretical density) and powder style, which are made by the existing manufacturing 
method, and it had no small particles and pin holes within the thin film. 

The thin film was created by the manufacturing method of this invention, which shall 
mean that the thin film was created by using the high frequency sputtering method 
making the target as the zinc sulfide sintered body, which shall contain Mn of 0.8 atom% 
and barium chloride of 0.03 atom%, as for the EL emission layer 4 of the EL element, 
which is shown in the figure, and then the emitting characteristic (excitation occurs at the 
sine wave of the frequency 5 KHz) was measured. As a result, it was found that the EL 
element was stable against the insulation destruction as well as having the high 
luminance. 

Table 2 shows the creating condition and the characteristics compare to the existing 
method. 



Table 2 (P.195, left, bottom) 





Existing sputtering 
method 


Sputtering method 
of this invention 


Electron beam 
deposition method 


Target 


ZnS : Mn of 
65% density 


ZnS : Mn of 
91% density, BaCl 
is added 


Evaporation source 
ZnS : Mn of 
65% density 


Power W / cm 2 


2.4 


2.4 




Substrate 
temperature °C 


250 


250 


220 


Anneal temperature 
°C 


550 


550 


550 


Gas 


At 


Ar 


Vacuum 


Gas pressure (ton) 


3 x 10" 2 


3 x 10" 2 


5 x 10' 6 


Sputtering and 
evaporation time 
(min.) 


5 


3 


3 


o 

Film thickness A 


5000 


5000 


5000 


o 

Rate A / min. 


1000 


1660 


1660 



Saturated luminance 


450 






(Foot Lambert) 






Easy to have 


Relatively easy to 


Stable 


Stability 


have insulation 




insulation 


destruction 




destruction 


Thin film 






Small particles and 








pin holes exist 



Table 2 indicates the results of the electron beam deposition method as an example of the 
existing methods. In this case, the 0.8 sintered body pellet of 65% density, thickness of 
10 mm and the diameter of 15 mm was used for the evaporation source. As it is clearly 
seen from Table 2, the thin film, which is created by the sputtering method making the 
target as the ZnS sintered body of high density of this invention, is stable and the emitting 
intensity is approximately twice as much compared to the thin film, which is created by 
the existing sputtering method. The rate when creating the thin film is also 
approximately 1.6 times, which is efficient. 

Also, it is better compared to the electron beam deposition method from the insulation 
destruction point. 

As it is mentioned, by using the manufacturing method of this invention, high quality 
zinc sulfide thin film, which produces extremely small numbers of pin holes and small 
particles, can be created with a good reproduction, and when it is applied to the use of the 
optical thin film, the phosphor thin film and the EL thin film, it is able to create the 
element with excellent stability and optical characteristics. 

4. Simple explanation of the figure 

The figure shows the structure of the EL element, which is created by the manufacturing 
method of the implementation example of this invention. 

1. Glass substrate 

2. Transparent electrode 

3. Yttrium oxide thin film 

4. Manganese added zinc sulfide thin film 

5. Yttrium oxide thin film 

6. Aluminum electrode 
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